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VERIFIED STATEMENT pECLAR^nON) CLAIMING SMALL-ENTITY STATUS 

I, the undersigned, do hereby declare that:"""***^ 

[X] I am an official empowered to act on behalf of the nonprofit organization identified below: 



NAME OF ORGANIZATION: Vlaams Interuniversitair Instituut Voor Biotechnologie 
ADDRESS OF ORGANIZATION: Rijvisschestraat 1 18, Bus 1, D-9052 Zwijnaarde, Belgium 
TYPE OF ORGANIZATION: 



NAME OF ORGANIZATION: Universite' Libre de Bruxelles 

ADDRESS OF ORGANIZATION: Avenue F,D, roosevelt 50, B. 1050 Brussels, Belgium 
TYPE OF ORGANIZATION: 



[X] University or other institution of higher education. 

I further declare that the nonprofit organization identified above qualifies as a nonprofit organization as 
defined in 37 CFR 1.9(e) for purposes of paying reduced fees to the United States Patent and Trademark 
Office regarding the invention described in the patent or application identified above. 

The individual, concern or organization identified above has not assigned, granted, conveyed or licensed, and is 
under no obligation under contract or law to assign, grant, convey or license, any rights in the invention to any 
person who would not qualify as an independent inventor under 37 CFR 1.9(c) if that person had made the 
invention, or to any concern which would not qualify as a small business concern under 37 CFR 1.9(d) or a 
nonprofit organization under 37 CFR 1.9(e). 

If the rights held by the above-identified individual, concern or organization are not exclusive, each individual, 
concern or organization having rights in the invention are identified below. Each such individual, concern ot 
organization must file separate verified statements averring to their status as small entities. 

♦NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention averring to their status as small entitles. (57 CFR 1-27). 

FULLNAME; Vlaams Interuniversitair Instituut voor Biotechnologie 
ADDRESS: Rijvisschestraat 120, B-9052 Zwijnaarde, Belgium 

[ ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small-entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief arc believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under section 1001 of 
Title IS of the United States Code, and that such willfiil false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is directed. 
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VERIFIED STATEMENT (BECLARA'TO*^) CLAIMING SMALL-ENTITY STATUS 
I, the undersigned, do hereby declare that: 

[X] I am an official empowered to act on behalf of the nonprofit organization identified below: 



NAME OF ORGANIZATION: Vlaams Intemniversitair Instituut Voor Biotechnologie 
ADDRESS OF ORGANIZATION: Rijvisschestraat 1 18, Bus 1, D-9052 Zwijnaarde, Belgium 
TYPE OF ORGANIZATION: 



NAME OF ORGANIZATION: Universite' Libre de Bruxelles 

ADDRESS OF ORGANIZATION: Avenue FJX roosevelt 50, B, 1050 Brussels, Belgium 
TYPE OF ORGANIZATION: 



[X] University or other institution of higher education. 

I farther declare that the nonprofit organization identified above qualifies as a nonprofit organization as 
defined in 37 CFR 1.9(e) for purposes of paying reduced fees to the United States Patent and Trademark 
Office regarding the invention described in the patent or application identified above. 

The individual, concern or organization identified above has not assigned, granted, conveyed or licensed, and is 
under no obligation under contract or law to assign, grant, convey or license, any rights in the invention to any 
person who would not qualify as an independent inventor under 37 CFR 1 9(c) if that person had made the 
invention, or to any concern which would not qualify as a small business concern under 37 CFR 1.9(d) or a 
nonprofit organization under 37 CFR 1.9(e). 

If the rights held by the above-identified individual, concern or organization are not exclusive, each individual, 
concern or organization having rights in the invention are identified below. Each such individual, concern or 
organization must file separate verified statements averring to their status as small entities. 

♦NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention averring to their status as small entitles. (37 CFR 1-27). 

FULL NAME: Universite Libre de Bruxelles 

ADDRESS: Avenue F.D. Roosevelt 50, B-1050 Brussels, Belgium 
[ ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small-entity status prior To paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1, 28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and mat all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment; or bom, under section 1001 of 
Title IS of the United States Code, and that such willful false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is directed. 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Infl 

Appl. No. 

Int'l Filing 
Date 

For 



Examiner 



Goethals, et al. 



PCT/EP98/01117 



February 19, 1998 

PLANT MICROPROPAGATION 
AND GERMPLASM STORAGE 

Unknown 



Group Art Unit Unknown 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Preliminary to examination on the merits, please amend the above-captioned U.S. National Phase 
Application as follows: 
IN THE SPECIFICATION : 

On page 1 of the Specification, after the Title of the Invention and before the Field of the 
Invention statement starting on line 1, please insert --This is the U.S. National Phase under 35 U.S.C. § 
371 of International Application PCT/EP98/01 117, filed February 19, 1998.--. 

On page 16 before Claim 1, please delete the word "CLAIMS" and substitute therefor 
- WHAT IS CLAIMED IS -. 
IN THE CLAIMS : 

1. (Amended) [Method] Amethod for [the in vitro preparation of starting materials 
forl plant micropropagation and/or storage of germplasm, comprising the steps of: 

(a) contacting plant material with a [micr o-or ganisml microorganism that induces 
fasciation and/or one or more fasciation-inducing factors derived from the [micro- 
organisml microorganism or derived from the infected and/or fasciated tissue; 

(b) developing leafy galls or shoot outgrows on the plant material; and 
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(c) isolating the leafy galls or shoot outgrows as the starting materials. 

2. (Amended) [Methodl The method for [the in vitro micropropagation of plants, 
which method comprises the method as claimed inl plant micropropagation and/or storage of 
germplasm of claim 1, further [characterized by] comprising the steps of: 

(d) eliminating or inactivating the [micro-organisml microorganism that induces 
fasciation and/or the one or more fasciation-related factors derived from the [micro- 
organisml microorganism or derived from the infected and/or fasciated tissue; 

(e) culturing the leafy gall or shoot outgrows in or on one or more suitable culture 
media to allow shoot and root development for obtaining plantlets; and 

(f) transferring the plantlets thus obtained, [optionally after acclimatisation,] to 
conventional growing conditions to obtain regenerated plants. 

3. (Amended) [Methodl The method for [the preservation of plants or germplasm, 
which method comprises the method as claimed inl plant micropropagation and/or storage of 
germplasm of claim 1, further [characterized by] comprising the step of storing the leafy galls or shoot 
outgrows under growth limiting conditions. 

4. (Amended) [Methodl The method [as claimed in claims l-31 of claim K wherein the 
fasciation-inducing [micro-organism] microorganism is Rhodococcus fascians. 

5. (Amended) [Methodl The method [as claimed in claim 3 and 4[ ofclaim3. wherein 
the growth limiting conditions comprise [low] temperatures of about 4 °C or less or [cryo-conserving 
conditions, such asl or wherein the growth limiting conditions comprise storage in liquid nitrogen. 

6. (Amended) [Methodl The method [as claimed in claims 1-51 of claim L wherein the 
plant material [comprises explants, such asl is selected from the group consisting of: leaf discs, organs, 
tissue fragments, seedlings, seeds, embryos, isolated cells, protoplasts, cell cultures and callus tissues. 

7. (Amended) [Methodl The method [as claimed in claims 1-61 of claim 1 . wherein the 
plant material is material of species of the genera selected from the group consisting of: Brassicaceae, 
Salicaceae, Compositae, Solanaceae, Scrophulariaceae, Liliaceae, Papaveraceae, Gramineae and 
Fabaceae. 

8. (Amended) [Methodl The method for the [in vitro micropropagation of plants, 
which method comprises the method ofl plant micropropagation and/or storage of germplasm of claim 
3 [and optionally! further comprising: [the subsequent] 

remov[al]ing or inactivatfionling [of] microorganisms still present [micro-organisms] that 
induce fasciation and/or removing or inactivating fasciation related factors derived from the [micro- 
organisml microorganism or derived from the infected and/or fasciated tissue, 
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culturing the leafy gall or shoot outgrows in or on one or more suitable culture media to induce 
shoot and root development for obtaining plantlets, and 

transferring the plantlets thus obtained, [optionally after acclimatisation,] to conventional 
growing conditions to obtain regenerated plants. 
Please add the following Claims: 



growing conditions to obtain regenerated plants. 

10. The method of claim 8 wherein the plantlets are acclimatized before conventional 
growing conditions to obtain regenerated plants. 



The claims have been amended to conform with the rules of practice before the Patent and 
Trademark Office. The specification has been amended to recite the International Application and 
priority application. The word "CLAIMS" has been deleted and substituted by "WHAT IS CLAIMED 
IS" so that subsequently appearing claims will be the object of a sentence as specified by MPEP § 
608.0 l(m). As a result of this preliminary amendment, Claims 9-10 have been added and Claims 1-8 
have been amended. Accordingly, Claims 1-10 are presented for examination. No new matter is being 
added herewith. 

Should there be any questions concerning this application, the Examiner is invited to contact the 
undersigned attorney at the telephone number appearing below. 



9. 



The method of claim 2 wherein the plantlets are acclimatized before conventional 



REMARKS 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Daniel E. Altaian 
Registration No. 34,1 15 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
(949) 760-0404 
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£LANT M ICROPR OPAGATION AND GERM P LASM STORAGE 



The present invention relates to new methods of 
plant micropropagation and germplasm storage. 

Plants can be propagated through their two 



developmental life cycles; the sexual or the asexual (or 
5 vegetative) . In the vegetative (asexual) cycle the unique 
characteristics of any individual plant selected for 
propagation are usually perpetuated. In most cases, each 
new plant produced by this method may be considered to be 
an extension of the somatic cell line of one individual. 
10 Methods available for propagating plants in vitro (micro - 
propagation) are largely an extension of those already 
developed for conventional propagation (macro- 
propagation) . 



15 for propagating plants in vitro are essentially based on 
the multiplication of shoots from axillary buds, on the 
formation of adventitious shoots and on the formation of 
somatic embryos. These processes are initiated either 
directly from the original explant or indirectly from 

20 unorganised cells such as in callus or cell suspension 
cultures . 



produced at present by the multiplication of shoots from 
axillary buds. Nevertheless, somatic embryos, shoots 

2 5 and/or plant lets do not always originate in a single way. 
For example, in shoot cultures, besides axillary shoots, 
there are sometimes adventitious shoots formed directly 
on existing leave or stem explants and/or shoots arising 
indirectly from callus at the base of the explant. 

30 Considering these observations, somaclonal 

variation is frequently observed among the regenerated 
plants even through multiplication of shoots from 
axillary buds which is considered as the most stable 
source for plant micropropagation. In such mixed 

35 cultures, shoots arising indirectly from callus are not 
desirable because of the somaclonal variation. This is 
particularly important when the method is applied in a 
large-scale programme (industrial scale) . In order to 



The methods that are theoretically available 



In practice most micropropagated plants are 
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reduce this genetic/ epigenetic variation, 
standardization of the cellular origin for the 
regenerated new shoots is therefore essential. 

A second limitation of the method of axillary 
5 shoot production is associated with the use of exogenous 
phytohormones for plant micro-propagation purposes. The 
growth and proliferation of axillary shoots in shoot 
cultures is usually promoted by incorporating growth 
regulators into the culture medium. Depending on the 

10 plant species, usually cytokinins and auxins in 

appropriate combinations and concentrations are used. 
Such treatments effectively remove the dominance of 
apical meristems so that axillary shoots are produced. 
These shoots are used as miniature cuttings for plant 

15 multiplication. 

The cytokinin growth regulators added to shoot 
culture media to promote axillary shoot growth, usually 
inhibit root formation. Therefore r single shoots must be 
moved to a different medium for rooting in vitro 

20 (generally medium containing auxins) before being 
transferred as juvenile plant lets to the external 
environment. The axillary shoot production thus requires 
a sequence of steps . 

Nowadays, there is an increased tendency to 

2 5 consider that exogenous applied synthetic cytokinin, 

which is generally too high, may cause many abnormal 
features (side effects) such as production of small 
shoots which typically fail to elongate, induction of 
unusual leave shapes and particularly the tendency of the 
30 regenerated shoots to become vitrified. 

In addition, high concentrations of usual 
cytokinins generally inhibit or considerably delay root 
formation and also prevent root growth and the promoting 
effects of auxins on root initiation- In this respect, 

3 5 frequently more than one subculture to a cytokinin- free 

medium may be required until the level of cytokinin 
within the tissues has been sufficiently reduced followed 
by a transfer of the shoots to a rooting medium. 
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Considering these aspects it is furthermore 
impossible to propagate particular plant species which 
are sensitive to such hormonal treatments. 

It is thus the object of the present invention to 
5 provide an alternative micropropagation method with which 
the above identified drawbacks of the known methods are 
obviated . 

According to the invention it has surprisingly 
been found that leafy galls, which are produced on 

10 dicotyledonous plants by infection with particular micro- 
organisms or by treatment with substances produced by 
these micro-organisms or derived from the infected and/or 
fasciated tissue (so-called fasciation) , and which 
consist of multiple meristematic centers and shoot 

15 primordia that are suppressed for elongation, are an 

excellent starting point for micropropagation. In a gall 
no apical dominance phenomena are evident and the 
formation of numerous primordia is derepressed by the 
infection process. The gall is in fact a large mass of 

20 shoot primordia that are covered with leaves and that are 
infected by the micro-organism. In leafy galls specific 
metabolites are present that are involved in the 
establishment and the maintenance of the leafy gall 
structure . 

25 In monocotyledonous plants the structures that 

arise upon contact with or infection by fasciation- 
inducing micro-organisms or substances have a different 
morphology than the above described leafy galls that are 
formed in dicotyledonous plant material. Infection either 

3 0 results in deformation of bulbs and/or the formation of 
several elongated shoots. These monocot elongated shoot 
structures are useful in the method of the invention and 
will be further identified as "shoot outgrows", whereas 
the dicot structures are called "leafy galls". 

35 Apart form the morphogenetic aspects, a gall 

represents a center of elongation inhibition where the 
bacterium suppresses the outgrowth of the primordia in 
the gall . This phenomenon is translated in the apparent 
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lack of apical dominance that would be exerted by one of 
the primordia and would lead to the outgrowth of distinct 
shoot primordia from the gall tissues. As such, each gall 
can be considered as a highly condensed plant where the 
5 amplified production of primordia and mer is terns -apical 
as well as axillary- are confined to one compact region 
through the suppression of both the elongation processes 
and apical dominance. 

Furthermore, it was found according to the 

10 invention that due to the fact that the galls consist of 
large numbers of shoot primordia confined to a compact 
and small structure, they are also a very suitable 
material for germplasm storage. 

Starting from these two observations the 

15 present invention now provides for a method for the in 
vitro preparation of starting materials for 
micropropagation and/or storage of germplasm, comprising 
the steps of: 

a) contacting plant material with a micro- 
20 organism that induces fasciation and/or one or more 

f asciation-inducing factors derived from the micro- 
organism, or derived from the infected and/or fasciated 
tissue ; 

b) developing leafy galls or shoot outgrows on 

2 5 the plant material; and 

c) isolating the leafy galls or shoot outgrows 
as the starting materials. 

This method of the invention may then be 
incorporated in a method of micropropagation or a method 
30 of germplasm storage, respectively* A method for the in 
vitro micropropagation of plants comprises the above 
described method for the preparation of starting 
material, further characterized by the steps of 

d) eliminating or inactivating the micro- 

3 5 organism that induces fasciation and/or the one or more 

f asciation-related factors derived from the micro- 
organism or derived from the infected and/or fasciated 
tissue; 
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e) culturing the leafy gall or shoot outgrows 
in or on one or more suitable culture media to allow 
further shoot and root development for obtaining 
plantlets, and 

5 f) transferring the plantlets thus obtained, 

optionally after acclimatisation, to conventional growing 
conditions to obtain regenerated plants. 

A method for the preservation of plants or 
germplasm comprises the method for the preparation of 

10 starting material, further characterized by the step of 
storing the leafy galls or shoot outgrows under growth 
limiting conditions. The growth limiting conditions may 
comprise low temperatures of about 4°C or cryo- conserving 
conditions, such as storage in liquid nitrogen. 

15 Both methods are not only applicable on 

angiosperms, but also on gymnosperms . 

In a preferred embodiment of the invention the 
fasciation inducing micro-organism is the Gram positive 
bacterium Rhodococcus fascians (Tilford) (Goodfellow M. & 

20 Cross, T\ , "Classification", published: Goodfellow, 

Modarski &. Williams ed . , The Biology of Actinomycetes, 
Academic Press London, p. 7-64 (1984)). (Effective 
publication Goodfellow M. , "Reclassification of 
Corynebacterium fascians (Tilford, Dowson) in the genus 

25 Rhodococcus, as Rhodococcus fasc. comb, nov." System. 
Appl . Microbiol. 5, 225-229 (1984), previously known as 
Phytomonas fascians Tilford. j., Agric. Res. 53, 383-394 
(1936) ; or Corynebacterium fascians (Tilford) Dowson, 
W.J,, Trans. Brit. Myc . Soc, 25, 311-314 (1942)). 

30 Rhodococcus fascians is a Nocardioform Actinomycete that 
infects a whole range of both dicotyledonous and 
monocotyledonous plants. 

The range of plants that can be infected by R. 
fascians is very broad with different species belonging 

35 to numerous plant families, such as Brassicaceae , 

Salicaceae, Comoositae. Solanaceae . Scrophulariaceae . 
Liliaceae , Papaveraceag f Gramineae and Fabaceae . 
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Infection of an intact plant can for example 
be achieved by vacuum infiltration of plants with 
suspensions of the bacteria, application of a dense 
bacterial culture sample to a wound surface or, less 
5 efficiently, by simply applying bacteria in either the 
growth substrate of the plants or on the surface of 
intact plants. Also explants, such as leaf discs, organs, 
tissue fragments, and seedlings, seeds, embryos, isolated 
cells and protoplasts can be successfully infected, 

10 giving rise to leafy galls or shoot outgrows. 

Furthermore, R. fascians infected cell cultures and 
callus tissues react in a similar fashion. 

The role of R. fascians in the phenomenon of 
suppression of elongation and apical dominance can be 

15 exemplified by killing of the bacteria in the gall 
through a treatment with bactericidal agents such as 
Carbenicillin, Triacellin and Claforan. Growth of 
detached galls on hormone free plant media with the 
addition of bactericidal compounds to an end 

20 concentration of 500 mg/L, results in the release of the 
amplified primordia from the bacterial suppression, 
ensuing in the outgrowth of numerous independent shoots 
from the gall tissues that will produce root tissues. 
The rooting can be facilitated by treating the galls in 

25 the dark where the release of the shoots is accompanied 
by etiolation, producing masses of elongated sprouts. 
Each shoot can be transferred to another medium resulting 
in the production of a fertile plant clone. 

These new micropropagation and germplasm 

30 storage methods are widely applicable and may for example 
be used for trees, crops, medicinal and aromatic plants. 
The methods are also suitable for biochemical or genetic 
selection purposes. 

Instead of using the micro-organism as a whole 

35 one or more factors derived from the micro-organism or 
infected and/or fasciated tissue may be used. These 
factors are capable of inducing the formation of leafy 
galls in dicotyledonous plants and shoot outgrows in 
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monocotyledonous plants. The factors may for example be 
gene products of the genes involved in fasciation, or the 
molecules produced by these gene products. 

In the R. fascians strain D188, the property 
5 to induce fasciation is correlated with the presence of a 
±200 kb large linear plasmid, pFiD188, that carries 
several loci (e.g. fas . att and h yp ) involved in leafy 
gall formation. The present inventors have found that 
mutations in the fas locus render the bacteria non- 
10 pathogenic. A mutation in the att locus provokes 

attenuated fasciation resulting in smaller leafy galls 
that are formed more slowly. Finally, a mutation in the 
hyp locus results in hyper- fasciation , leading to the 
formation of larger galls compared to wild type. 
IB Apart from pFiD188 encoded genes, also chromosomal 

genes in the bacterium are involved in the infection 
process for instance by influencing the endophytic/ 
epiphytic survival of R. fascians . 

Evidently, gall formation results from the 

2 0 modulation of the regular hormone balance in the infected 

plant tissues. Although the fasciation symptoms 
superficially resemble effects caused by the application 
of different doses of several cytokinins, they are 
nevertheless clearly discriminated from the latter by the 
25 presence of non-elongat ing primordia and the absence of 
abundantly developing shoots. Early reports where galling 
was correlated with the presence, of different cytokinins 
in the growth medium of R. fascians have recently been 
questioned by opposing results. This is further 

3 0 substantiated by the present inventors by their finding 

of the presence of cytokinins in the growth media of a 
non-f asciating strain D188-5 (Crespi et al . , EMBO J. 11, 
795-804 (1992)) cured for pFiD188. 

Although early results hinted at the presence of 
3 5 an adenosine monophosphate isopentenyl transferase (ipt) 
homologous gene in the fas locus on pFiD188 that would be 
involved in the biosynthesis of cytokinins (Crespi et 
al " 1992, suora) . the present results question the 



>9 /S l # 



WU££:QT 'ST'Sna 3WI1 INIdd 



WbT0:0T -8T"Dnb 3WI1 a3AI333d 



WO 98/36635 PCT/EP98/01 1 J 7 

8 

unique involvement of the ipt homologue in the 
biosynthesis of regular cytokinins like isopentenyl 
adenine or zeatin. Instead, the fas locus is involved in 
the production and secretion of one or more 
5 isopentenylated molecules that affect the plants hormone 
levels. This was confirmed by the isolation and 
preliminary chemical analysis of one fas dependent 
products and fits with the overall low amino acid 
identity between the fas encoded ipt gene product and 

10 regular isopentenyl transferase proteins. Apart from the 
ipt related gene, the fas locus encodes several genes 
that, on the basis of sequence homology studies, are 
implicated in cytochrome P450 dependent oxygenation and 
S-Adenosyl Methionine dependent methylation processes 

15 of, conceivably, the fas product. 

High expression of the fas locus in the 
bacterium -as measured by translat ional GUS fusion 
assays* is strictly controlled and can only be 
consistently achieved in batch cultures using a defused 

20 induction medium, such as Minimal A-medium (obtainable by 
adding 20.5 ml 0 . 1M citrate and 29.5 ml 0.1M Na-citrate 
to 450 ml destilled water and adding after autoclaving 
and cooling 500^1 1% (w/v) thiamine, 1.25 ml MgSo 4 and 
1.25 ml 40% NH 4 S0 4 ) and only in the presence of either 

25 gall extracts or histidine in combination with particular 
carbon sources such as pyruvate and succinate. Plant ex- 
tracts cannot induce fas gene expression, but gall ex- 
tracts contain a specific inducer molecule. This inducer 
molecule is present in all gall tissues formed on a whole 

3 0 range of different plants and is able to induce 
expression in minimal concentrations. Furthermore, 
production of this molecule was shown in tobacco BY-2 
cell cultures confronted with R, fascians wild type cells 
while this was not the case for non- infected plant cell 

35 cultures or pure bacterial cultures. 

The fas expression is mainly regulated at the 
post -transcriptional level, indirectly through the 
activity of the fasR gene that encodes an Ara C type 
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transcriptional activator and possibly directly through 
the hyp locus that carries a gene encoding an RNA- 
helicase . 

Confrontation of BY-2 tobacco cell culture 
5 synchronized for mitosis using aphidicolin with fas 

induced D188 cells resulted in a marked increase of the 
number of tobacco cells that enter the first round of 
mitosis upon relieve of the mitosis block. This effect is 
absent when the tobacco cell culture is confronted with 
10 the non-f asciating strain D188-5 or with fas mutant 
strains . 

Classical cytokinin-bioassays using extracts of 
R. fascians D188 and D188-5 grown for fas induction 
proved difficult to interpret due to the presence of high 

15 background levels of contaminating cytokinins in both 
tested extracts- Prom D188 cultures, induced for fas 
expression, a fas dependent metabolite was isolated. 

The att locus comprises a 20 kb region of 
pFiD188, linked to the fas locus. Sequencing showed the 

2 0 presence of several genes that are involved in the 

synthesis and secretion of a complex molecule of unknown 
structure. Apart from genes involved in the synthesis of 
arginine, the locus carries genes implicated in the 
biosynthesis and modification of fatty acid related 

2 5 molecules and a gene related to export protein genes. 

Expression of the att locus is partially co- 
regulated with the fas locus; induction of GUS fusions is 
only visible in defined media in the presence of gall 
extracts or of histidine in combination with particular 

3 0 carbon sources and depends on the activity of the fasR 

gene. However, an independent regulation through an att 
specific regulatory gene, attR, is postulated here 
whereby the expression of the att R gene is itself 
enhanced by the fasR gene in response to plant extracts. 
35 Using 14 c- labelled arginine or acetate, in either 

case the induced accumulation in the growth medium of R. 
fascians D188 of the same 14 C- labelled, att dependent 
compounds was evident using thin layer chromatography, 
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proving the incorporation of both tested substrates in 
complex, secreted compounds. These were isolated through 
High Pressure Liquid Chromatography for chemical analysis 
and bio-assaying using BY-2 tobacco cell cultures. As an 
5 example, a molecule with a molecular weight of 681 dalton 
was isolated. 

The products of the att locus are probably 
involved in the formation of leafy galls in combination 
with the fas locus as a mutant in the locus is strongly 
10 retarded in the galling process. It is also conceivable 
that the att and fas loci cooperate in the biosynthesis 
and secretion of a single type of molecules that provoke 
f asciation . 

Apart from the fas and att loci, still other loci 
15 on pFiDl88 are involved in the formation of leafy galls. 
The hyp locus probably negatively controls expression of 
the fas and att expression through TWA helicase activity 
on the mRNA. Further downstream of the fas locus another 
locus has been isolated that is essential for fasciation 

2 0 and sequencing of which showed the presence of 

oligopeptide synthetic genes. 

Molecular analysis of the gene expression in 
infected tobacco plants using differential display 
techniques showed the induction of different genes 

25 showing homology to genes involved in the metabolism of 
gibberellins and steroids as well as the repression of a 
gene showing homology to oligopeptide receptor proteins. 
These results strongly suggest an influence of the 
infecting bacteria and their products on the existing 

30 balances of different plant growth factors, resulting in 
the induction of meristem and primordium formation. 

The formation of a leafy gall by R. fascians is 
thus a complex process with different levels of 
signalling between both partners. The expression of the 

3 5 bacterial fasciation genes located on the linear plasmid 

is prone to a complex regulation that ultimately implies 
the involvement of a gall specific metabolite in the fas R 
dependent induction of the att and fas genes. Once the 
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fas and att genes are optimally expressed, metabolites 
are produced and secreted in the plant that disturb 
and/or redirect the hormone household of the plant 
tissues. The fas and att derived factor (s) are implicated 
5 in the enhancement of plant cell divisions and are 
crucial for the activation of the gall formation. 
Molecular data suggest the involvement of gibberellins, 
steroid type molecules and/or possibly oligopeptides of 
the plant . This unique response of the plant to 

10 infection confers the particular properties of R. 
f ascians and its derived products in altering the 
developmental programming of the plant in some hitherto 
non-described way. It further discriminates the leafy 
gall syndrome from other neoplastic pathologies like the 

15 Aqrobacterium tumefaciens induced crown gall formation 
and the Pseudomonas s a va s t ano i induced galling of 
Oleander species. 

In summary , it has now been found that a gall 
constitutes several meristems and primordia the formation 

20 of which is correlated with the fas product, the att 
products, or a combination of both and possibly other 
products the synthesis of which is determined by 
different loci on pFiDlSB or on the bacterial chromosome. 
The end result is a local activation and deregulation of 

2 5 primordium and meristem formation that results in dense 

tissues -the gall- that is ultimately covered with 
leaflets. Morphological analysis. of these galls suggest 
an organised spatial distribution of the primordia that 
are covered with leaflets, both according to the 

3 0 fundamental rules of phyllotaxis. 

Based on the experimental information provided 
here it became possible to identify a complex of factors 
that can be used to induce fasciation independently from 
the bacteria as a whole. This complex of factors 
3 5 comprises at least the fas products and/or the att 

products and in addition other gene products encoded by 
the pFiDlS8 plasmid. 
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The unique property of R> fascians to amplify 
shoot primordium formation through the modulation of 
specific hormone balances in a broad spectrum of plants 
is useful for the establishment of a regeneration program 
5 for a diverse range of plants as will be illustrated in 
the following examples. Infection of plants with R , 
fascians leads to the local amplification of shoot 
primordia, combined with a suppression of further shoot 
growth and development. Upon amplification, primordia can 

10 be released from the suppressive effects of R . fascians 
by killing of the bacteria. This can be achieved by 
detaching galls and growing them on media with doses of 
bactericides like penicillin's. Any other treatment of 
the galls that will kill the inciting bacteria without 

IS harming the plant tissue can be envisioned here. 

As a result, from the gall tissues shoots will 
sprout that can be detached and that will form roots, 
ultimately giving rise to normal, regenerated plants. 
This effect is even more dramatic when the galls are 

20 treated in the dark, where the release of shoots is 

accompanied by etiolation, producing masses of elongated 
sprouts that can be propagated to a normal plant . 

This technique has been successfully applied to 
leafy galls on Nicotiana tabacum . Paoaver somniferum , 

25 Artemisia annua . Viorna unauiculata . At r op a belladona , 
Sesbani a rostrata and Digitalis lanata . 

The Figure is an overview showing the steps 
required for micropropagation using either classical 
procedure or Rhodococcus fascians . 

30 This invention as described here will be further 

illustrated in the following examples. 
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EXAMPLES 
EXAMPLE 1 

Regenerati on of plants from leafy galls of various plant 
species- induced by Rhodococcus fascians 

5 

1 . General method 

The following method is applicable to plant 
species in general. In these examples the plant species 
Nicotiana tabacum. Papaver somniferum . Artemisia annua , 
10 Vigna unguiculata. Atropa belladona . Sesbania rostrata 
and Digitalis lanata were used. 



1.1. Bacterial strain 

Rhodoc cocus fascians strain D188 or other 

15 virulent strains are cultured in solid or liquid 
conventional bacteria medium or a recommended one 
containing: Glucose (10 g/1) , Yeast extract (5 g/1) , 
Peptone (5 g/1), Agar (15 g/1), distilled water 11, the 
pH adjusted to 7.0. The cultures are then incubated in 

20 the dark at 25°C. 



1.2. Plant material 

Selected plant species are used for the 
propagation purposes. After surface desinfection of the 

25 explants (for example: cutting consisting of stem 

internode fragments with axillary buds) using appropriate 
reagents known in the art, the explant is transferred to 
in vitro culture condition using conventional tissue 
culture medium such as the well-known basal Murashige and 

30 Skoog medium (Physiol. Plant. 15, 473-497) or Gamborg 
medium (Gamborg, o.L. et al . , Ex. Cell. Res, 50, 151 
(1986) ) . 



1.3. Infection procedure 
35 The scenic explant is directly infected with the 

fast growing bacteria or infected under vacuum. All 
other method of infection which make close contact of the 
bacteria and the plant tissue or cells are also suitable. 
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In case of Sesbania rostrata , cotyledonous explants were 
used for direct infection with Rhodococcus f ascians . 
Preferably wounded cotyledons were used for this 
infection in order to obtain a more efficient infection. 

5 

1.4. Incubation of the infected explant 

Containers containing the infected plant material 
are incubated in the room culture at 23 °C. Depending on 
the plant species, leafy galls came to be visible after 
10 3-4 weeks of incubation. 

2. Regeneration of plants Leafy galls structure 

2.1. General procedure 
The leafy galls are first isolated from the 

original explants. Then they are subcultured in a 
hormone-free conventional plant tissue culture medium 
additionated with bactericide reagent such as Claforan at 
final concentration of 500 mg/1. The cultures are 
preferably incubated in the dark at appropriate 
temperature {depending on the plant species, for example 
19°C for Papaveraceae species; 23°C for Solanacaea 
species) . 

2.2. Results 

2 5 The dark condition combined with the antibiotic 

treatment improve the shoot elongation. The etiolated 
shoots thus obtained are then subcultured in a hormone - 
free culture medium and incubated in light condition. 
The light intensity as well as the temperature of 

3 0 incubation are selected according to the specific 

requirement of each plant species under investigation. 
After several days of cultures, spontaneous root 
appeared, and thus plantlet are recovered. 

Using the described method and in the case of 
35 Digitalis Ianata r an average of 60 new regenerated 

shoots/explant are obtained instead of 12 new regenerated 
shoots using the classical micropropagation method (using 
exogenous cytokinins) . 
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Using common method for acclimatization, these 
new regenerated plantlets awe successfully transferred to 
the green house. 

Quantitative and qualitative analysis of 
5 cardenolides in the new regenerated plants showed a 

distribution quite similar to that of the mother plant. 
In addition the morphological traits of these new 
regenerated plants are similar to those of the mother 
plant, indicating a reduced variability as compared to 
10 the classical micropropagation technique. 

EXAMPLE 2 

Germplasm storage 

1, Short-term conservation 

15 The leafy galls containing the bacteria are 

isolated from the original explant then subcultured in a 
conventional plant tissue culture medium with reduced 
sugar concentration (15g/l of sucrose) . After one week of 
culture at 20°C, the culture containers are transferred 

2 0 to 4°C under dark condition. In such conditions the 

capability of the shoots to develop (after bactericide 
treatment) is maintained for 1-2 years. 

2 . Long term conservation 

25 The well established procedure for cryo- 

conservation using liquid nitrogen is also convenient for 
the leafy gall structure {George E.F., in: Plant 
Propagation by Tissue Culture, Part I, George Edwin F. 
(Ed.), Exegetics Ltd, Edington, Wilts, England, pp. 163- 

30 181 (1993) ) . 
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CLAIMS 



1. Method for the in vitro p reparation of 
starting materials for micropropagation and/or storage of 
germplasm, comprising the steps of: 

a) contacting plant material with a micro- 
5 organism that induces fasciation and/or one or more 

fasciation- inducing factors derived from the micro- 
organism or derived from the infected and/or fasciated 
tissue ; 

b) developing leafy galls or shoot outgrows on 
10 the plant material; and 

c) isolating the leafy galls or shoot outgrows as 
the starting materials . 

2 . Method for the in vitro micropropagation of 
plants , which method comprises the method as claimed in 

15 claim 1, further characterized by the steps of 

d) eliminating or inactivating the micro-organism 
that induces fasciation and/or the one or more 

f asciation-related factors derived from the micro- 
organism or derived from the infected and/or fasciated 
20 tissue; 

e) culturing the leafy gall or shoot outgrows in 
or on one or more suitable culture media to allow shoot 
and root development for obtaining plantlets; and 

f) transferring the plantlets thus obtained, 

25 optionally after acclimatisation, to conventional growing 
conditions to obtain regenerated plants. 

3. Method for the preservation of plants or 
germplasm, which method comprises the method as claimed 
in claim 1, further characterized by the step of storing 

3 0 the leafy galls or shoot outgrows under growth limiting 
conditions . 

4. Method as claimed in claims 1-3, wherein the 
fasciation- inducing micro-organism is Rhodococcus 

f ascians . 

35 5. Method as claimed in claim 3 and 4, wherein 

the growth limiting conditions comprise low temperatures 
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of about 4°C or cryo- conserving conditions, such as 
storage in liquid nitrogen. 

6. Method as claimed in claims 1-5, wherein the 
plant material comprises explants, such as leaf discs, 

5 organs, tissue fragments, seedlings, seeds, embryos, 
isolated cells, protoplasts, cell cultures and callus 
tissues . 

7. Method as claimed in claims 1-6, wherein the 
plant material is material of species of the genera 

10 Brassicaceae, Salicaceae . Compos itae . Solanaceae . 

Scrophulariaceae , Liliaceae, Papaveraceae . Gramineae and 
Fabaceae . 

8 . Method for the in vitro micropropagation of 
plants, which method comprises the method of claim 3 and 

15 optionally the subsequent removal or inactivation of 
still present micro-organisms that induce fasciation 
and/or fasciation related factors derived from the micro- 
organism or derived from the infected and/or fasciated 
tissue, culturing the leafy gall or shoot outgrows in or 

20 on one or more suitable culture media to induce shoot and 
root development for obtaining plantlets, and 
transferring the plantlets thus obtained, optionally 
after acclimisation, to conventional growing conditions 
to obtain regenerated plants. 
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